Abstract Classification of hepatitis C virus is based on phylogenetic analysis of the strains reported world wide. Different strains are classified within 6 major genotypes and several minor groups (subtypes). In addition to epidemiologic value of determining genotype/subtype of this virus, the result may change the therapeutic strategy used for a patient. During a survey on hepatitis C in Iran, we found two cases assigned as 1b genotype by PCR-RFLP on 5¢ UTR, but three based on core region sequencing. Fragments from 5¢ UTR, Core and NS5b regions were PCR-amplified and sequenced followed by phylogenetic analysis. Although the 5¢ UTR of this new strain is very similar to genotypes 1 and 6, analysis of core region classifies it in a separate branch of genotype 3, close to subtypes h and k. Further analysis of NS5b region put this new strain in a separate branch near other subtypes of genotype 3 and 4. These data are suggestive of a new subtype within genotype 3.
Introduction
Hepatitis C virus (ICTV: 00.026.0.03.001) is a worldwide health problem [1, 2] . Lack of vaccine, expensive treatment, and relatively high long term morbidity and mortality have made this virus a subject of high concern. HCV has been classified to six major genotypes (http:// phene.cpmc.columbia.edu/Ictv/index.htm) and several subtypes so far [2, 3] . Different genotypes show different responses to therapy with alpha interferon, genotypes 2 and 3 usually respond to a 24-week therapy course, while genotype 1 needs at least 48 weeks of treatment with interferon [4] [5] [6] [7] . In addition to clinical significance of HCV genotyping, it is epidemiologically important as well. Different genotypes are present in different geographic regions. Genotypes 1, 2 and 3 have worldwide distribution with different subtypes more common in some areas while genotype 4 is primarily found in middle east and north Africa, 5 is common in South Africa and 6 is mainly distributed in far east countries [1, [8] [9] [10] [11] [12] . Common genotypes may also reflect the route of infection in certain regions, for example subtypes la and 3a most often infect injecting drug users and appear to be increasing in prevalence [13] [14] [15] .
Analysis of different parts of HCV genome has shown different levels of diversity among genotypes and subtypes [3, 16] . The 5¢ Untranslated Region (5¢ UTR) is relatively more conserved than other parts, so it has been used mainly for detection of HCV infection [16, 17] . However, some few nucleotide variations in this region had also been used to genotype or subtype the virus [16, 18, 19] . Sequence analysis of various genotypes has shown up to 9% variability in 5¢ UTR while this rate is almost 19% in core region and as high as 35% in NS5b [1, 20] .
Previous reports from Iran have estimated the incidence of HCV to be less than 1%; which is much lower than most of the neighboring countries in this region [21] . Subtypes 1a, 1b, 2a, 3a and 4 have been reported from Iran, subtype 1a being dominant among studied cases [22] .
Here we report partial sequence of two HCV isolates, which were misclassified as 1b subtype according to a PCR-RFLP test based on their 5¢ UTR, and one showed non-specific results with a core region genotype/subtype specific PCR based genotyping kit (Amplisense, Russia), while sequencing their core regions classify them as genotype 3. Moreover, genetic divergence of these sequences from their most closely related previously reported sequences is very suggestive of a new subtype of genotype 3.
Materials and methods

Cases and sera
Case 1 was a 57-years-old male from Khouzestan province (South-west of Iran), who suffered from chronic renal failure. Case 2 is a 25-year-old male IV drug abuser from central-west province of Lorestan. Sera had been collected in a general survey of hepatitis C in Iran in 2002 and had been stored at -75°C.
RNA extraction and cDNA synthesis RNA was extracted from 50 ll of serum by the acid guanidinium isothiocyanatephenol-chloroform method [23] , precipitated with isopropanol, and rinsed with 70% cold ethanol. The RNA pellet was resuspended in 25 ll of diethyl pyrocarbonate-treated water. Complementary DNA was synthesized from 7 ll of RNA with 200 U of AMV reverse transcriptase (Promega, USA), AMV reverse transcriptase 5· reaction buffer, 10 mM of the dNTPs in the presence of 40 U random hexamer and 20 U of RNase inhibitor (Promega, USA), The guidelines of Kwok and Higuchi [24] were strictly observed to prevent carryover contamination, and appropriate negative controls for RNA extraction, cDNA synthesis, and PCRs were routinely included in each PCR round. The amplification procedure involved reverse transcription at 42°C for 30 min and RNase inhibitor inactivation at 94°C for 3 min.
Polymerase chain reactions (PCRs) Partial 5¢ untranslated (5¢ UTR) and Core regions were amplified by nested PCRs. The NS5B was amplified by Fig. 1 Phylogenetic tree of different HCV genotypes and subtypes based on 5¢ UTR. The new strain is marked by a black square. This strain is clustered with 3 h strains. In contrast to all other subtypes of genotypes 3, this branch lies among genotypes 1 and 6 with a very low bootsrap value. Each strain is shown by its accession number, followed by its assigned subtype. Bootsrap values are shown at each node a semi-nested approach. PCR mix was composed of 50 mM KCl, 1.5 mM MgCl 2, 10 mM Tris-HCl (pH 9.0), 1· Taq DNA polymerase buffer (Fermentas, Ukraine), 200 ll each of the four dNTPs, 0.4 lM each of the first round primers and 1 U Taq DNA polymerase (Fermentas Ukraine). Primers for 5¢ UTR were F: 5¢-AGCGTCTAGCCATGGCGT-3¢ and R: 5¢-GCACGGTCTACGAGACCT-3¢, corresponding to positions -268 to -4, according to numbering by Bukh and coworkers [25] For the second round, the primer FN: 5¢-GTGGTCTGCGGAACCGG-3¢ RN: 5¢-GGG-CACTCGCAAGCACCC-3¢ were used which amplified the region between -199 and -43.
The core region was amplified with modified primers according to Lole et al. [26] using the following primers: HCV_F 1, 5¢-ACTGCCTGATAGGGTGCTTGC-3¢; HCV_R1: 5¢-ATGTACCCCATGAGGTCGGC-3¢ (encompassing -54 to 410) HCV_F2: 5¢-AGGTCTCGT AGACTGTGCA-3¢; HCV_R2: CACGTAAGGG-TATCGATGAC-3¢ (bases -22 to 386). The following primers were used for NS5B: R2, 5¢-GGACCCCAA GTTTTCTGAG-3¢, RI: 5¢-ACGCGCTGTGATAAA TGTC-3¢; F1: 5¢-ATCTTCACGGAGGCTATGAC-3¢. All PCRs were performed in a Master Cycler personal machine (Eppendorf, Germany). A typical thermal cycling was as 4 min at 94°C, 30 cycles of 94°C for 45 s, 58°C (or 51/61, depending on T m of the primers) for 45 s and 72°C for 1 min, followed by a final extension at 72°C for 5 min.
Cloning and sequencing
The PCR products of second round of the nested 5¢UTR, Core and NS5B (174 bp, 404 bp and 472 bp, respectively) were cloned into the plasmid pCR2.1 using the TA Cloning Kit (Invitrogen, USA). The DNA from two clones of each sample was then purified using the QlAprep Spin Plasmid Kit (Qiagen, Germany) according to the manufacturer's instructions. The purified DNA was sequenced (Primm, Italy).
Phylogenetic analysis
Sequences of 5¢ UTR, Core and NS5b regions were downloaded from standard alignment file of LANL (www.hcv.Ianl.gov), the other subtypes were added manually and realigned with ClustalX software (version 1.8). The sequences were trimmed to the same size as our sequences. The aligned data were imported into MEGA ver. 3 software [27] and Phylogenetic trees were constructed using neighbour joining method with Kimura 2 parameter model. Robustness of phylogenetic trees was assessed by bootstrapping for 1000 times.
Results
5¢ UTR, Core and NS5B regions of case 2 were successfully amplified, cloned and sequenced, but due to insufficient serum and death of case 1, only the core region was analysed and further studies was not possible for this subject. The sequences have been submitted to NCBI Genbank under accession numbers: DQ202322, DQ202323, DQ202324 and DQ065830. Phylogenetic analysis of 146 bp 5¢ UTR classifies the new virus, with three other 3 h strains, in a separate branch close to genotype 1 (Fig. 1) . Subtypes of Genotype 6 also classify within genotype 1 cluster, though the bootstrap value for genotype 1 and 6 is not high (25%). Other genotypes seem to be correctly classified into their respective groups by this analysis, and well separated by higher bootstrap values.
The core region analyses, based on 320 bp nucleotide data and its conceptually translated proteins, classify sequences from both cases in a separate branch in proximity to subtypes 3h and 3k, but definitely separated from either subtypes (Fig. 2) . This branch is also separated from all other genotypes (including the rest of genotype 3 subtypes) with a high bootstrap value (96%).
Phylogenetic analysis on 466 bp NS5b region also categorizes the new sequence as a far relative of genotype 3 (Fig. 3) . The genetic divergence between this sequence and other genotype 3 subtypes is much higher in this region compared to Core and 5¢ UTR, as it was expected. No sequence of subtype 3h is yet available in the GenBank for this region, but subtype 3k sequences are clustered in a separate far branch from the new sequence.
Nucleotide divergence between the new strain and prototypes of other HCV subtypes are presented in Table 1 . This table shows that although the new strain is very similar to other genotypes in small 5¢ UTR fragment, it is 11% and 22% divergent at nucleotide level from its closest relatives in Core and NS5b regions, respectively. Core protein of this strain shows high similarity to many subtypes of genotype 3.
Discussion
HCV isolates show four levels of genomic variations: types, subtypes, isolates, and quasispecies. The six genotypes of HCV differ almost 30% a from each other, while this rate is about 20% between subtypes of a given genotype and less than 10% within each Fig. 3 Phylogenetic analysis of NS5b region. The new strain (marked by a black square) lies proximal to all other subtypes of genotype 3, and between genotypes 3 and 4. In contrast to core region, subtype 3k is very far from this strain by this analysis. Each strain is shown by its accession number, followed by its assigned subtype. Bootsrap values are shown at each node subtype [1, 20, 28] . Quasispecies is composed of a group of heterogeneous RNA sequences centered around a dominant nucleotide sequence that changes, throughout the course of the infection, under the selective pressure of the host immune system [3] . Mixed infections are less frequent, and mainly found in some multiple blood transfused patients or IV drug abusers [29, 30] . Although we have not completely sequenced the newly found strains, genetic distance from those previously reported strains seems to be too much to be attributed to quasispecies. Besides, finding similar core region sequences in two unrelated patients further excludes this possibility. The common opinion for nucleotide divergence between two subtypes within a genetic clade of HCV is about 20% [1, 3] . However, reports of new subtypes with less nucleotide difference have been recently published [26] . The sequence of three regions of this new strain (isolated from case 2) is almost 18.5% divergent from genotypes 3k, its closest relative in phylogenic trees and divergence table. No NS5b region sequence of 3h subtype is yet available in the nucleotide data banks. Many of the observed nucleotide differences might result in amino acid differences between this new strain and other subtypes, further supporting a new subtype ( Table 1) .
As it is evident from Fig. 1 , genotypes 1 and 6 cluster within the same phylogenic branch, The branch composed by 3h strains and the newly reported sequence is the only outlier of genotype 3 lying very close to genotypes 1 and 6. It is also noticeable that unlike core region, by which subtypes 3k and 3h are grouped within the same branch and close to the new sequences (Fig. 2) , 5¢ UTR analysis distances subtypes 3h and 3k from each other (Fig. 1) . No NS5b sequence has been reported yet for 3h subtype in our studied genomic region, and the newly reported NS5b sequence is very far from 3k subtype in the phylogenic tree (Fig. 3) . These findings support high divergence of this newly reported strain with its closest neighbors within genotype 3.
The discrepancy between 5¢ UTR and two other regions might be regarded as evidence for inter-genotypic recombination. However, reported recombination between HCV genotypes have been few, and only reported within p7 or NS5b regions [31, 32] , and analysis of both core and NS5b regions categorize this virus in genotype 3. This is the first report of a non-a, non-b subtype of HCV genotype 3 from Iran. Subtype 3h which clusters with this strain has been . reported only from Somalian carriers so far [33] . There are limitations in determining the precise geographic distribution of HCV genotypes and subtypes in many areas of the world. Only a few countries have detailed information about the epidemiology of HCV. In Western Europe, the most common type is 1a, whereas in southern and Eastern Europe type 1b is more common [34, 35] . There are also differences between southeastern Europe and Turkey (mainly type 1b) and the Middle East. Both of our cases are from south-west part of Iran, near Arabic countries of Persian Gulf basin. However, the major [20] may fail to correctly genotype this strain, due to high homology with genotype 1 in 5¢ UTR [ Fig. 1 ]. Although the clinical course of infection with this strain is not known to be different from other genotypes, currently practiced therapeutic protocols would suggest a 24-week interferon therapy, considering it to be classified within genotype 3 [7] . However, if it is misclassified as genotype 1, only by 5¢ UTR analysis, a 48-week term therapy will be applied for such patients, which might be unnecessary Although according to the last consensus proposal for HCV classification assigning a letter to a new subtype needs at least 3 unrelated samples from the same strain [37] , our finding in 2 unrelated samples encourages us to suggest this strain as a new subtype, tentatively named as subtype 3l. Death of one of our subjects made us unable to study other genomic regions, specially the variable E1/E2 regions. However, this hypothesis could be further evaluated by trying to find more cases and sequence more genomic regions.
